ABSTRACT Two experiments were conducted to identify factors influencing feed conversion in broilers. The first experiment was conducted to develop a test for body temperature (BT) under mild handling stress. In the first experiment, BT was recorded periodically with birds briefly restrained after they had been removed from feed with either continuous lighting or 16L:8D. Body temperature was affected by photoperiod and declined following feed removal. The second experiment was conducted to investigate metabolic-physiologic differences existing between good (G) and poor (P) converting broilers, initially classified in a commercial breeding company's feed conversion (FCR) test. Basal metabolic rate (BMR) and BT were measured at the beginning and end of the FCR test following appropriate time without feed. Heat production (HP) was recorded throughout the study both for
INTRODUCTION
By definition, feed conversion ratio (FCR) is a composite trait affected by starting BW, feed intake on test, and growth rate while being tested. Genetic selection can be used to improve feed efficiency in a limited number of ways. First, feed intake can be reduced. Second, more BW could be gained on the same amount of feed. The third alternative is a combination of the two. It is generally agreed that reducing feed intake may have negative consequences on other traits, including growth. Dunnington and Siegel (1996) reviewed some of the negative consequences of reduced BW and feed intake. Pym and Nicholls (1979) concluded that different physiological mechanisms controlled feed intake and feed conversion but did not suggest what those mechanisms might be. To whom correspondence is addressed: poultry@okstate.edu.
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BMR calculations and to measure net energy (NE). Excreta were collected for measurement of AME, and at study termination, birds were analyzed for carcass composition. The G and P converters, however, had similar BMR and feed consumption but differed in AME (58 kcal/kg) and total NE (184 kcal/kg). Generally, G and P broilers had similar starting BW, but the G broilers gained more weight on the same amount of feed than did P broilers. The two BT measurements recorded in the present study were correlated with each other. The BT was also correlated with subsequent gain and FCR, indicating potential use as an indicator trait for feed conversion. Further, the data indicated that processes other than basal metabolism (measured as average hourly HP) may impact FCR. These might include variability in fear response during BT measurement or variations in bird activity level.
Feed efficiency may be improved in numerous ways at the biological level. First, efficiency can be enhanced by a reduction of days needed to reach market weight. An energetics model developed within our laboratory (R. G. Teeter, unpublished data) indicates that a 4 d reduction to the same live weight, occurring between 1994 and 1999 in a commercial broiler line, is associated with a savings of 880 kcal of ME. Further, the model suggests that approximately half of the response is attributable to reduced maintenance requirements. Remaining ME savings appear to be due to a number of factors potentially including efficiency of tissue accretion above maintenance needs, bird activity, or an alteration in the efficiency of ME use to satisfy the maintenance requirement itself. A reduction in the maintenance energy needs of birds would presumably be reflected in a lowered basal metabolic rate (BMR); such changes could be related to bird body temperature (BT) or daily bird stress response to mild environmental stressors reflected as changes in BT. Changes in BT may in fact be occurring; Washburn and Pinson (1990) have reported lower BT of modern broilers (41.44°C) than BT of a 1957 randombred control population (41.77°C). Similarly, anecdotal evidence from the authors' laboratory indicates this trend has continued until the present in fasted broilers (R. G. Teeter, unpublished data). Alternatively, differences in bird fear response to daily factors perceived as stressful by the bird would be expected to result in increased energy expenditure.
Animal BT may be an indicator of metabolism with greater heat production (HP) being necessary to support increased BT, unless compensation is made by heat dissipation (Whittow, 1976; Ruckebusch et al., 1991) . Classically, metabolism reaches a constant level (BMR) only after an extended period of fasting. Using respiratory quotient (RQ; the ratio of carbon dioxide production to oxygen consumption) as a criterion, Winchester (1940) indicated that New Hampshire pullets had not reached a basal state after 25 to 26 h of feed removal. Kuenzel and Kuenzel (1977) used different periods of fasting varying from 24 to 50 h in an attempt to reach a basal metabolic state in growing broilers, layer chicks, and pullets. In a review of metabolism and fasting, Yousuf (1996) concluded that metabolism reaches a baseline level after a minimum of 24 h, with some stocks of chickens requiring up to 3 d to achieve BMR (using RQ as the criterion determining basal metabolism) under experimental conditions. Improvements in these biological traits, although difficult to measure, may be related to advances in feed conversion.
The success of the today's commercial broiler industry has been largely attributed to genetic progress. Indeed, Havenstein et al. (1994) suggested that 85 to 90% of the progress made in broiler liveweight since the 1950s has been due to genetics, with the remainder due to nutrition, management, or immunocompetence. Improvements have generally been accomplished by selecting multiple lines for different, yet complimentary, traits and crossing those lines in a manner that produces the finished commercial product. Although the selection traits in the individual lines vary from company to company, they most certainly include FCR. However, the quantitative contributions of physical variables such as BMR, AME, and net energy (NE) extraction from the diet are not known, and little information is available concerning carcass composition. Therefore, the objectives of the reported study were to identify critical factors in measuring BT and to investigate biologic and energetic components of FE and to quantify the relationships among broiler performance, BT, BMR, and energy extraction from the diet in broiler breeder males. These estimates, therefore, potentially provide insight into selection affects (at the level of the animal phenotype) on biological components of feed efficiency. 
MATERIALS AND METHODS
Two experiments are reported herein. The first experiment was conducted to develop baseline data for BT measured during conditions of mild handling stress (MHS), which were subsequently used in the second experiment. It was necessary to validate changes in BT response related to feeding state and thus metabolism.
Experiment 1 (Trials 1 to 3)
A preliminary experiment was conducted to develop a methodology quantifying bird response to MHS as BT so that it might be related to BMR, feed conversion, and other aspects of metabolism. Three trials were conducted and will be discussed in turn. At the outset it was intended that measurements represent birds under a condition that would potentially separate birds according to combined basal and perceived stressful conditions. For this aspect, consistent day-to-day handling for BT measurement was used as a repeated stressor and to attain BT measurement.
Husbandry and Management. In trials 1 and 3, birds were maintained on a lighting schedule of 16L:8D daily throughout the study. Lights came on at 0600 h and went off at 2200 h daily. Lighting was continuous in trial 2 in an attempt to prevent variation in BT due to photoperiod. In all three trials, birds had been handled so that handling for BT measure would elicit response to a daily habitual event.
In all trials, water was provided ad libitum. Ambient temperature was maintained at approximately 23°C throughout the study. In trials 1 and 2, birds were fed their daily meal on the first day of the study at 0700 h and allowed 1 h to eat. At the end of that hour, any remaining feed was removed, and BT of each bird was recorded. In trial 3, the limited-fed birds were given their meal at 0700 h on both days of the study, with any remaining feed removed at 1200 h. Birds fed ad libitum in trial 3 had continuous access to feed throughout the experiment.
The BT measurements were made starting at 0800 h and every 4 h thereafter in each trial, for a total of 48 h. In trials 1 and 3, BT measurements at 16, 20, 40, and 44 h of the experiment were made during the dark phase. This was accomplished by using only enough light (a small flashlight) to locate the birds. An electronic thermometer 4 was used throughout the experiment. In all experiments, birds were held with their backs parallel to the ground. The thermometer was then inserted 4 cm into the rectum and held there until the reading was constant for 30 s (total time of 90 to 120 s).
Trial 1. Eight chickens were used in Trial 1. Four were hens of a commercial broiler breeder strain (Cobb 500) that were 36 wk of age at initiation of the study. Hens were reared commercially, according to breeder standards (Cobb Vantress, 1998) . The remaining chickens were 49-d-old male broilers (Cobb × Cobb 500) that received commercial diets ad libitum. The energy, protein, and amino acid contents of the broiler diets met require-ments described by the National Research Council (1994) . At initiation of the study, males were fed the broiler finisher diet in quantity to supply 7.95 kcal ME per g BW 0.66 (Hurwitz et al., 1978) to ensure that BW was maintained without substantial weight change. At initiation of trial 1, all birds were weighed and placed in individual laying cages measuring 25.4 × 45.7 cm. The age of male birds used in this trial was approximately that of birds used in experiment 2.
Trial 2. Eight male broiler breeder cockerels (Cobb 500) that were over 60 wk of age at the beginning of the study were used. As with the hens from trial 1, these birds were subjected to feed restriction from an early age to maintain BW. Feed allocations were according to breeder standards (Cobb Vantress, 1998) . Birds were placed in floor cages that measured 60 × 60 cm. Wood shavings were placed in the cages to a depth of at least 10 cm prior to bird placement.
Trial 3. Seven male broiler breeder cockerels over 60 wk of age (Cobb 500, as in trial 2) were used in this trial. Birds in this trial were either limit fed (n = 4) to breeder standards (Cobb Vantress, 1998) or were provided with a broiler grower diet containing 20% crude protein and 3,200 kcal ME per kg of diet ad libitum (n = 3). Birds were placed in cages (46 × 60 cm) on the floor with wood shavings litter.
Statistical Analyses. In all three trials, regression analysis was used to model changes in BT through time. Regression models for the period from 0 to 48 h postfeed removal were selected using forward stepwise regression (Neter et al., 1990) . Analyses were performed for both sexes combined and the two sexes separately (in trial 1) and for dietary treatments combined and separate (in trial 3). Additionally, linear regression coefficients were calculated for the periods from 0 to 12, 12 to 24, 24 to 36, and 36 to 48 h postfeed removal. This was done to evaluate if the decline in BT remained constant or reached a plateau (ceased to decline).
Experiment 2
This experiment was designed to describe differences between groups of broiler males having been previously commercially classified as good (G) or poor (P) converters of feed into gain. A single trial of this experiment was conducted to describe differences in FCR, weight gain, feed intake, BMR, AME, and NE of the diet, HP, and BT. Results of the commercial FCR test were used so that the G and P converters might be examined as to their current and historical performance and to relate how selection for improved FCR might impact its biological component traits.
Birds. Cockerels were obtained from a commercial broiler breeding company following a preliminary selection (as described by Skinner-Noble et al., 2003) to eliminate the 40 poorest birds from the sample of 100 total broilers. At 6 wk of age, birds were fasted for 24 h (to 5 Model QDR1000R, Hologic, Inc., Bedford, MA.
promote appetite as per Skinner-Noble et al., 2003) and placed in individual cages (46 × 46 cm) for a feed conversion test lasting 7 d. Results of the FCR test were summarized at the source farm, and the 60 birds (which were approximately 7 wk of age) were transported to the poultry research center where it was possible to collect additional metabolic and physiological data that could not be collected in the commercial feed conversion test (e.g., excreta collection, oxygen consumption and carbon dioxide production, BT, and carcass composition).
Traits Measured and Statistical Analyses. The present experiment was designed to measure BMR twice, with an FCR test between the two BMR tests. Upon arrival, each bird was weighed, BT was recorded, and the bird was placed in metabolic chambers to quantitate oxygen consumption and carbon dioxide production. These metabolism chambers and general procedures have been previously described (Belay and Teeter, 1993; Wiernusz and Teeter, 1993) . For each BMR test, birds were fasted approximately 65 h [assuring the minimum fasting period to achieve BMR for this age and class of birds as per Kuenzel and Kuenzel (1977) and Yousef (1996) ], and their metabolisms were recorded with lights out for 8 h to ensure birds were inactive. The BT were recorded at the start and end of each fasting period. Body temperatures were measured as previously described for experiment 1. After the first BMR test, birds were offered feed (a typical broiler grower diet containing 20% crude protein and 3,200 kcal ME/kg) ad libitum for 96 h. At the end of this feeding period, birds were weighed, and BT and feed intakes were recorded. Weight gain was thus the difference between the BW at the end of the first BMR test and the BW at the end of the feeding period.
Oxygen consumption and carbon dioxide production values were calculated in two ways. First, during the BMR periods, oxygen consumption, and carbon dioxide production means were calculated for the last 8 h of the BMR periods. Heat production during the BMR period was then expressed as the mean hourly heat production (kcal/h). Second, values for oxygen and carbon dioxide during the feeding period were calculated by integration of appropriate regression equations modeling oxygen and carbon dioxide through time (Wiernusz and Teeter, 1993; Belay and Teeter, 1993) . The oxygen and carbon dioxide values were then used to calculate BMR and fed HP using the equation of Brouwer (1965) , that is HP (kcal) = [(16.18 × oxygen consumption) + (5.02 × carbon dioxide production)] × 4.184. Following the second BMR period, birds were euthanatized (by carbon dioxide inhalation) and whole birds were frozen at −20°C for scanning by x-ray densitometer 5 to measure body composition as grams of lean tissue and grams of fat tissue (Mitchell et al., 1997; Mooney, 2000) .
The AME was measured by subtracting the gross energy of the excreta from the total gross energy of the feed consumed. Excreta were also analyzed for carbon and nitrogen content to attempt to quantify gain of lean and fat tissue. Methodologies for AME and carbon-nitrogen balance have previously been presented (McDonald, 1993 ). Net energy for gain was calculated by subtracting the HP during the feeding period from the AME calculated for the feeding period. The NE for maintenance and gain was estimated by adding the total BMR (hourly BMR multiplied by the length of the feeding period) to the NE for gain. The NE for maintenance was calculated as the average hourly HP during the BMR period multiplied by the length of the feeding period. The ME, NE for maintenance and gain, NE for gain, NE for maintenance, and HP during feeding were expressed as total and as kcal/kg of feed consumed on a dry matter basis.
Correlation analyses were performed to estimate the relationships among BT, BMR, feed intake, BW gain, efficiency of gain, AME, and NE. Spearman rank correlation coefficients (SAS Institute, 1985) were used because the birds were known to be from a biased sample (G vs. P). Analysis of variance was used to compare the G and P groups for the aforementioned traits. Source of variation in the analysis was classification (G vs. P) based upon either commercial or university FCR results. Additionally, commercial end BW was used as a covariate in the statistical model.
RESULTS

Experiment 1
The three trials of Experiment 1 confirm the effects of photoperiod and feeding state on BT. Body temperature declined in a cubic manner over the entire period in trial 1 ( Figure 1A ). As in trial 1, there were declines in BT following feed removal in trial 2 ( Figure 1B) . Unlike trial 1, however, the decline in BT for the entire period was quadratic. As with trial 1, declines in BT occurred in the first 12 h postfeed removal but not during subsequent 12-h periods. In trial 3 the change in BT through the experiment was fitted by a fourth-order polynomial that coincided with the feeding time and the lighting period ( Figure 1C ). When viewed graphically, this regression equation looks like the letter 'W'. Unlike previous trials, BT did not decline significantly (0.05 < P < 0.10) in the first 12 h of the experiment.
Experiment 2
The results of the university and commercial FCR trials are presented in Tables 1 and 2. Table 1 shows the results of the FCR trials when the university classification (G vs. P) was the source of variation. Table 2 shows the results when the commercial classification (G vs. P) was the source of variation. In each class (G and P) from the commercial trial, nine of the 30 birds were in the opposite class in the university FCR trial. This situation was remedied using commercial end BW as a covariate in the statistical model for results from the university trial (Table 3) . The correlation between FCR in the commercial and the university trials was relatively low (Table 4) , thus results of the two trials (commercial and university) will be discussed in turn. Results Based on University Classification. When university classifications were used, G and P converters had similar FCR in the commercial trial (Table 1 ). The G converters consumed less feed and gained less BW in the commercial trial than did the P converters. In the university trial, the G converters had a lower starting BW than the P converters. The G university converters gained more BW on similar feed intake than did their P counterparts.
Good converters in the university trial had lower fasted BT than did the P converters (Table 1 ). The G and P converters had similar carcass fat, lean, percentages of carcass fat and lean, and similar BMR. The G converters obtained more AME and had increased NE for gain and increased NE for maintenance and gain than did their P counterparts, when these traits were expressed on a unit feed consumed basis. These differences were generally lacking when NE was expressed in total.
Results Based on Commercial Classification. The G and P converters in the commercial trial had similar start- Measured at the same point in time.
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Measured by x-ray densitometer, Model QDR1000R, Hologic, Inc., Bedford, MA.
5 Not significant at P > 0.10. †P ≤ 0.10; *P ≤ 0.05; **P ≤ 0.01.
ing weights and similar feed intakes but differed in BW gain during the commercial FCR test (Table 2) , thus resulting in better FCR. This situation should be ideal (from a selection standpoint) for additional gain from similar amounts of feed. The BW gained during the commercial FCR test was not lasting, however. Good converters lost more BW prior to arrival for the experiment and during the first BMR test. Regardless of the greater BW loss by G converters (Table 2), the G converters still weighed 85 g more than the P converters following the first BMR test. The BT of G and P converters were similar following the first BMR test. The greater BW gained in the commercial FCR trial was maintained through the university FCR trial. There were no differences between G and P converters in the university trial for feed intake, BW gain, FCR, fed or fasted BT, AME, NE, or any of the components of NE. Good converters had greater lean tissue mass than P converters. The G and P converters had similar percentages of fat and lean.
Net energy for gain, maintenance, and maintenance plus gain were all correlated with university gain and university FCR (Table 4 ). When only birds that had the same classification in each trial were considered ( Table  5 ), correlations that changed appeared to be modified in magnitude but not direction (except for the correlation between the two gain and FCR measurements).
Carbon and nitrogen balance analyses were impaired by poor sample quality (excess water in the excreta collection trays). Regardless of this limitation, the carbon-nitrogen balance data indicates that the increased BW gain of G birds is truly attributable to tissue gain (Table 6 ).
DISCUSSION
The results of experiment 1 describe patterns in BT, feeding state, and activity. The fact that BT appears to reach a baseline level within 12 to 16 h after feed removal suggests that fasted BT may precede achieving such a baseline in metabolism. Metabolism is generally recog- Measured at the same point in time.
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nized as reaching a basal state only after a minimum of 25 h (Winchester, 1940) but may require considerably longer depending on the age and class of birds utilized (Kuenzel and Kuenzel, 1977; Yousef, 1996) . The effect of feeding state on BT has been well documented; that is, BT is higher when birds are fed than during a fast (Winchester, 1940; Dunnington et al., 1987; Katanbaf et al., 1988; Wilson et al., 1989; Francis et al., 1991; Lott, 1991) . This fact has been used to time feeding to reduce the thermal stress associated with feeding during acute heat stress episodes (Smith and Teeter, 1987; Wilson et al., 1989; Lott, 1991; Francis et al., 1991) and demonstrates that HP is the summation of BMR and heat produced in conjunction with feed metabolism. Genetic lines of chickens may have different BT responses to feed restriction (Dunnington et al., 1987) if they utilize feed energy or dissipate waste heat differently. Body temperature increases after feeding, increasing within approximately 30 min postfeeding (Wilson et al., 1989 ) and then decreases until approximately 12 h after feed removal.
Potential confounding of the heat increment of feeding with MHS on BT response cannot be eliminated from the current experimental design. If the measurement of BT was stressful and birds exhibited habituation to such handling, the results of trial 3 would indicate habituation by reduced BT on the second day of the trial. Such was not the case, which indicated that either habituation was not a factor or that the MHS conditions did not yield a great increase in BT response. The results of experiment 1 provided a basis for use of a baseline BT measurement that was free of bias from feeding state, activity, and (potentially) handling habituation.
Under the conditions of the second experiment, changes in BT may be in response to associated stressors. The present study took birds from an FCR test, placed those birds into crates for transport, transported the birds, and then placed the birds into unfamiliar metabolism chambers for a fast lasting over 48 h. Therefore, the BT response may indicate a reduced stress response to the FCR test or BT measurement itself. Although data relating Net energy for maintenance, expressed as basal metabolic rate × hours of feeding. This would underestimate the total maintenance energy.
Net energy for maintenance and gain.
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Heat production during the 96-h feeding period. †P ≤ 0.10; *P ≤ 0.05; **P ≤ 0.01. Barnett, 1989; Hemsworth et al., 1994; Jones, 1996 Jones, , 1997 indicate that an increased state of fearfulness reduces productivity, although specific metabolic factors contributing to the production changes were not measured. Traditionally, BT is used as a measure of health in humans Net energy for maintenance, expressed as the basal metabolic rate × hours of feeding. This would underestimate the total maintenance energy.
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Heat production during the 96-h feeding period. †P ≤ 0.10; *P ≤ 0.05; **P ≤ 0.01.
and animals. If BT is an indicator of a general reduction of stress response, it may be valuable through life, as the fasted BT obtained in the current study were well correlated.
The results of the second experiment have ruled out a number of potential ways that G and P converters of feed to gain may differ. Assuming that the BW covariate was successful in removing BW bias, G and P converters do not differ in BMR, ability to extract dietary ME and NE, or feed consumption rates. The G and P converters had Based upon commercial (C) classification, with C end BW as a covariate. †P ≤ 0.10; *P ≤ 0.05; **P ≤ 0.01. similar starting BW, but the G converters gained more BW on the same amount of feed. Pym and Nicholls (1979) selected lines of chickens for BW, FCR, or feed intake and examined the relationships among the traits. The aforementioned authors concluded that different physiological mechanisms may control feed intake and feed conversion. Similarly, selection for increased BW resulted in correlated responses in feed intake and FCR within the very early generations of a selection study (Siegel and Wisman, 1966) .
That measurements of ME are less subject to error and are more widely used than NE measurements is well established (MacLeod, 2000) . In a review of current NE theory and application, MacLeod (2000) stated that no single system for expressing NE is widely accepted. Further, the once widely-accepted productive energy system had errors associated with measurements of feedstuff energy that were as high as 20% in individual feedstuff measurements. A criticism (and potential strength) of use of NE is that "…NE is a property not of the food, but of the birds' response to the food" (MacLeod, 2000) . Yet, it is this interaction that determines the eventual performance outcome. Examination of the pooled SEM in the current study indicates some of the difficulties associated with metabolism studies. Compared to 'classical' growth and feed conversion characteristics (e.g., BW, weight gain, or FCR) there were greater errors associated with estimates of AME, NE, NE for maintenance and gain, and NE for gain. These errors may be partially explained by the number of measurements necessary to calculate NE (AME, HP during feeding, and BMR). Any feed wastage, which may have occurred through the 96-h feeding period, would serve to decrease AME and increase error associated with AME measurement. In the current experiment, the observed AME was within 1.8% of the calculated ME of the diet, confirming the observed value. Errors in any of the individual components of AME and NE would then sum to increase the total error. Nonetheless, NE values represent the ultimate value of the ration and bird responses to that, and sources of variation should be identified and adjusted for in experimental designs.
At the onset of the second experiment, it was hypothesized that differences between G and P birds would most likely exist in NE components. Specifically it was expected that G birds would have more NE available for gain. This was found to be the case, when data were viewed within the same context of time. When NE traits were analyzed with ME as a covariate in the statistical model, differences between G and P birds (data not shown) narrowed, indicating the part-whole relationship between ME and NE. As previously mentioned, differences between G and P university converters in ME/kg were 63.7 kcal ME/kg, whereas the NE for gain differed between the G and P birds by 237.1 kcal/kg. It appears that differences between G and P converters are less impacted by digestibility than by metabolism of the feed provided. There appears to be some carryover of this ramped-up metabolism, whereas the ME of G and P commercial birds were similar, but differences of 67 to 73 kcal (P > 0.10) NE for gain (per kg and total, respectively) were observed. It is unclear, however, if this ramped-up metabolism is due to improved growth or improved FCR or if it is the cause of improved growth or FCR.
The lack of significant difference in BMR between G and P birds in the university trial may be accounted for by two opposing forces. First, assuming the greater starting BW of the G birds, they would be expected to expend an additional 0.623 kcal/h to maintain their additional 85 g of BW (based upon BMR estimates for nonpasseriformes provided by Whittow, 1976) . Secondly, given a difference of 0.2°C in BT, the P birds would be expected to expend an additional 0.49 kcal/h to maintain their higher BT [based on thermobalance equations provided by Whittow (1976) and by Calder and King (1974) ]. Additionally, composition may affect metabolism of birds, even when BW are similar (Schultz, 1978) . However, the BMR may indeed not differ between G and P groups. Other studies in the authors' laboratory indicate that the exponent to linearize fasted HP with fasted BW (0.67) was identical to that reported by Brody (1945) . If changes were occurring in heat dissipation per unit mass with selection, then this exponent would change. Consistent with this are the data reported herein where G and P converters differed in FCR but had similar BMR, even when adjusted for differences in BW. When all birds were included in a regression model, it was possible to obtain a significant regression of fasted HP on fasted BW. This relationship between BW and BMR is consistent with Brody (1945) and appears to be independent of FCR.
The G and P broilers may have differences in their growth pattern at the specific points measured in the two FCR trials. It is possible that G converters might have been in a growth spurt or lean growth spurt when FCR was measured, resulting in improved FCR. This possibility is supported by the fact that the two FCR and gain measurements were not well correlated when all birds were considered in the analysis. Additionally, the fact that nine birds from each classification changed their classification from one test to the next confirms the variability of FCR measurements through time. Nevertheless, more than two-thirds of all birds remained in the same FCR classification in the two tests. That correlations among traits remained in similar directions even when birds switching classifications between the two trials were excluded supports the robust nature of the findings in the current report. That G and P birds in the university trial differed by 2.9 g of nitrogen balance supports the lean growth hypothesis. Given that protein is 16% nitrogen, the difference of 2.9 g of nitrogen translates to a difference of 18.1 g of carcass protein on a dry matter basis. Selection for improved FCR at the animal phenotype level may result in selection for any of its components (e.g., increased weight gain, reduced starting weight, increased ending weight, and reduced feed intake), or any combination thereof depending upon heritabilities and genetic correlations. It should not be surprising, therefore, that variability may occur in FCR measurements within an individual within its lifetime.
Body temperature appears to be a potential indicator trait for FCR that merits additional investigation. Fronda (1923) evaluated the usefulness of BT as an indicator trait for egg production. The relationship between BT and egg production appeared to be slightly negative, thus BT as measured did not appear to be a useful indicator for egg production. The study of Fronda (1923) , however, did not take feeding state into consideration when measuring BT. Feeding state affects BT and metabolism. Although the current study showed a relationship between BT and sub-sequent FCR, different testing conditions must be used to confirm this relationship. The two fasted BT measurements recorded in the present study were highly correlated, indicating a potential genetic basis. Similarly, the correlation between fasted BT and subsequent gain and FCR was positive. The correlation between the second fasted BT and the second BMR measurement was positive, indicating that increased HP may indeed result in increased BT, but this was not the case for the first BT and BMR measurements.
Although the presence of a phenotypic correlation does not guarantee the presence of a genetic correlation, detection of a phenotypic correlation is the first step in establishing a genetic correlation that could be applied to indirect selection. Additionally, phenotypic correlations are the best indicator of a genetic correlation in populations in which the pedigree information is not available, and potential known environmental factors have been accounted for in the experimental design. Falconer (1989) gives the formula for the phenotypic correlation as r p = h x h y r A + e x e y r E , where r p = phenotypic correlation, h x = square root of heritability for trait X,h y = square root of heritability for trait Y, r A = genetic correlation between traits X and Y, e x = square root of (1-the heritability for trait X), e y = square root of (1-the heritability for trait Y), and r E = environmental correlation (including nonadditive gene action) between traits X and Y. Falconer (1989) stated that when heritabilities of the two traits are high, the primary cause of a phenotypic correlation is the genetic correlation. If, on the other hand, the traits are of low heritability, then the primary cause of a phenotypic correlation would be the environmental correlation. Although heritability of BT and correlations between environments and between breeding values for BT and FCR are unknown, the heritability for FCR across four lines of chickens is estimated by Leenstra and Pit (1988) as 0.44. Given that FCR was measured over a 4-d period, that BT was measured at a single point in time immediately preceding FCR measurement, and that BT in the present experiment was measured on fasted birds whereas FCR was measured after 96 h of feeding, it may be reasonable to assume that the environmental correlation between these two traits is low. Thus, use of phenotypic correlations appears to be a reasonable first step in studies of this nature, given the absence of pedigree information.
Potential differences in activity, adaptability to testing conditions, and stress responses cannot be eliminated as factors affecting FCR in the current study. Meat-type poultry differ from layer stocks in behavioral patterns, notably meal size and number. For FCR selection to be most effective at the commercial level, FCR must be measured in a way to assure that results are truly due to genetic differences in FCR. The FCR trials used in the commercial trial and in the university trial were conducted on individual birds in small cages or chambers that reduced the activity level of the birds. These testing cages are greatly different from the floor pen setting that broilers are reared in until juvenile selection age and preclude interactions with penmates.
When viewed in the same time frame, overall results indicate numeric incremental improvements in several traits (AME, NE for maintenance and gain, NE for gain, carbon gain, carbon balance, nitrogen gain, and nitrogen balance). Results become consistent through time only when classifications are adjusted for differences in starting weights and show similar trends as previously mentioned for BT, BMR, NE, and NE for gain. The lack of a difference in nitrogen balance between G and P birds in the university trial indicates a shortcoming associated with this methodology. Whereas the G and P birds (based on university classification) had nitrogen balance values that did not differ, this difference in nitrogen balance accounts for one-half of the difference in carbon balance observed, as the difference between G and P birds of 2.9 g nitrogen translates to a difference of 18.1 g dry protein.
Because protein contains 55% carbon, the 2.9 g difference in nitrogen yields a difference of 9.96 g of carbon in the lean tissue.
It may be that the final FCR response is a general incremental enhancement of numerous traits associated with energy utilization and expenditure. Future studies of this nature should express energy metabolism and efficiency on a dietary substrate to carcass fate axis to determine precisely where improvements in feed conversion can be achieved and what their ultimate benefits is to the bird and to the producer. Future studies lacking such depth will provide only a partial solution to improving efficiency of poultry at every level from the animal phenotype to the cell level.
